The essential oils obtained by hydrodistillation from the fresh peels of Citrus macroptera Montr. and C. maxima (Burm.) Merr. were analyzed by GC and GC/MS. The yields of oil ranged from 0.53% in C. macroptera to 0.13% in C. maxima cultivar (white). Forty-seven compounds were identified in the oils with limonene (55.3-80.0%), dodecyl acrylate (2.2-8.0%), geranial (0.4-3.5%), trans-linalool oxide (1.0-2.8%), -terpineol (0.7-2.3%), linalool (0.7-1.5%) and cislinalool oxide (0.5-1.4%) identified as major compounds. The oil of C. macroptera contained limonene (55.3%), β-caryophyllene (4.7%) and geranial (3.5%) as main compounds. Similarly, oils from two C. maxima (pink and white) cultivars were rich in limonene (72.0-80.0%), dodecyl acrylate (8.0-7.2%) and nootkatone (1.6-2.5%). C. maxima (pink and white) cultivars were found to contain higher amount of limonene (72.0 and 80.0%) as compared with C. macroptera (55.3%). The chemical compositions of the oils were found to be similar, but nootkatone (1.6-2.5%) was identified only in C. maxima cultivars.
Citrus L. (Family: Rutaceae), a genus of evergreen aromatic shrubs or small trees, are cultivated throughout tropical and sub-tropical regions of the world for their fruits [1, 2] . Citrus fruit is one of the major produce in Indian agriculture and mainly used for juice and its products [3a] . Citrus fruit processing industries yield considerable amounts of by-products, such as peels, seeds and pulps, which represents 50% of the raw processed fruit [3b]. These by-products are valuable source of flavonoids, dietary fibers and essential oils [1,3c] . Essential oil is one of the most important Citrus by-products commonly used as a flavoring agent for drinks, ice cream, and cakes, and as a perfumery agent in air-fresheners and household products [1,3d] . Moreover, Citrus peel essential oils have been classified as generally recognized as safe (GRAS) due to their wide spectrum of biological activities [1, 2] [2,4b] . The fruit of C. maxima is also used for nutritional purposes and as a cardiotonic, and the leaves in epilepsy, cholera and convulsive cough [1, 2] . Two cultivars (white and pink) of C. maxima were found to be widely consumed in Manipur. Literature survey revealed that limonene is a major compound of Citrus peel oils, but the amount of limonene was diverse in the different species [1, 2] . Though the oils of other Citrus species have been extensively studied, no detailed analysis has been reported on the peel oils of these two species growing in the region. Thus, it was thought worthwhile to isolate the essential oil from the peels of C. macroptera and C. maxima cultivars and determine their chemical compositions. The yields of oil ranged from 0.53% in the peel of C. macroptera to 0.23% in C. maxima (pink) to 0.13% in C. maxima (white), based on a fresh weight basis. A total of forty-seven compounds were identified, accounting for 87.0 to 96.1% of the oils. Limonene (55.3-80.0%), dodecyl acrylate (2.2-8.0%), geranial (0.4-3.5%), trans-linalool oxide (1.0-2.8%), -terpineol (0.7-2.3%), linalool (0.7-1.5%) and cis-linalool oxide (0.5-1.4%) were identified as the major compounds in the oils. Monoterpene hydrocarbons (57.4-81.5%) constituted the major portion, followed by oxygenated monoterpenes (3.8-15.6%), and other groups of compounds (1.1-7.4%). The oil of C. macroptera contained sesquiterpene hydrocarbons (12.7%) and oxygenated sesquiterpenes (7.1%), but these groups of compound were absent in C. maxima oils.
In the oil obtained from the peels of C. macroptera (Haribob), thirty-seven compounds were identified, accounting for 96.1% of the oil. The main compounds were limonene (55.3%), β-caryophyllene (4.7%), geranial (3.5%), δ-cadinene (2.8%), β-eudesmol (2.7%), trans-linalool oxide (2.3%), -terpineol (2.3%), neral (2.2%), dodecyl acrylate (2.2%), -cadinol (1.7%), geraniol (1.3%), -copaene (1.2%), cis-linalool oxide (1.2%), linalool (1.1%), citronellol (1.1%) and β-cubebene (1.1%), together with three compounds in trace amounts (<0.05%).
The oils of two C. maxima (pink and white) cultivars were also analyzed. Eighteen compounds, constituting 87.0% of the oil, were identified in the pink cultivar; the main compounds were limonene (72.0%), dodecyl acrylate (8.0%), trans-linalool oxide (2.8%), nootkatone (1.6%), linalool (1.5%), cis-linalool oxide (1.4%) and terpineol (1.3%). Likewise, seventeen compounds, accounting for 95.2%, were identified in the white cultivar, with the major compounds being limonene (80.0%), dodecyl acrylate (7.2%), nootkatone (2.5%) and trans-linalool oxide (1.0%). Limonene (55.3-80.0%) was a major compound, but nootkatone (1.6-2.5%) was identified only in the C. maxima cultivars. Furthermore, C. maxima (pink and white) cultivars contained higher amounts of limonene (72.0 and 80.0%) as compared with C. macroptera (55.3%). Comparing the chemical composition of the oils with those reported earlier showed that most of the components identified were similar, with limonene as a major compound [1, 2] , but there was considerable quantitative variation between the major compounds. Thus, it was concluded that the peels of these species can be used as a source of essential oil as well as limonene, besides as fruit juice in the region. 
Experimental
Plant material: The fresh fruits of C. macroptera and C. maxima cultivars (pink and white) were collected in July 2007-08 from Moreh and Imphal, Manipur, and specimens are preserved at the Institute of Bioresources and Sustainable Development, Imphal.
Isolation of essential oils:
The peels of the ripened fruits were removed and hydrodistilled in a Clevenger type apparatus for 3 h. The distillate was extracted with diethyl ether, the ethereal layer dried over anhydrous sodium sulfate, and the diethyl ether removed by gentle distillation on a heated water bath. The essential oils were stored at 4-8°C until further analysis.
Gas chromatography and gas chromatography-mass spectrometry: GC analysis was carried out on a Clarus 500 (Perkin Elmer) equipped with a flame ionization detector (FID) and a nonpolar HP-1 (crosslinked methylsilicone) capillary column (30 m × 0.2 mm, 0.33 m film thickness). The oven temperature was held at 60°C for 5 min then programmed at 3°C/min to 180°C and then 20°C/min to 280°C, and held for 20 min. Helium was used as carrier gas at a flow rate of 1 mL/min. The injection volume was 1μL in split mode (1:25). The injector and detector temperatures were 220°C and 250°C, respectively. GC/MS analysis was performed on a Varian Saturn 2000 equipped with a Varian C.SVA-5MS capillary column (30 m x 0.25 mm i.d., film thickness 0.25 m). Chromatographic conditions were as follows: helium as carrier gas at a flow-rate of 1 mL/min; injection volume 0.5 L; injector temperature 250°C. The column temperature was held at 60°C for 5 min., and programmed at 3°C/min to 180°C and then 20°C/min to 300°C and held for 20 min with split mode injection (1:25). The column was coupled directly to the quadrupole mass spectrometer in EI mode at 70 eV with a mass range of 28-400 a.m.u. at 1 scan/s. Kovat's retention indices were calculated using chromatographed standard hydrocarbons. The individual compounds were identified by comparing their retention indices and mass spectra with data available in the NIST2005 Mass Spectral Library and literature [4c].
